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Seeds of drought~resjstant (pAN 6043) and drought-sensitive (SC 701) maize (Zea mays) cultivars were soaked in 
different concentrations of uniconazol, brassinoJide and methyl jasmonate and then germinated. Seven-day-old 
seedlings were subjected to water stress by PEG treatment (-1.0 MPa) for 2 days. Uniconazo l, brassinolide and methyl 
jasmonate were able to maintain a higher relative water content and diffusive resistance, and decreased the relative 
conductivity and transpiration rate in the seedlings of the drought-resistant cultivar, PAN 6043, during water stress 
periods. Increased drought res is tance was obtained with 5 mg 1-1 uniconazol, 12_5 mg 1-1 brassinolide and 25 mg 1-1 
methyl jasmonate, respectively . These treatments decreased the relative water content in seedlings of the 
drought-sensitive cultivar, despite innuencing relative conductivity, transpiration rate, and diffusive resistance in a 
positive way. This indicates that plant growth regulators can be used as a seed pre-treatment in order to lower crop 
Joss due to drought, but that evaluation of individual maize cultivars might be necessary 
Keywords: Brassinolide, diffusive resistance, drought resistance, methyl jasmonate, relative conductivity , transpiration 
rate, uniconazol, Zea mays. 
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Introduction 
Maize (Zea mays L.) is an important crop in South Africa and 
ranks third as a world crop_ Its growth and development is 
severely affected by drought stress which reduces its yield. 
Genotypic differences have been identified for a range of mor-
phological and physiological characteristics (Ackerson 1983) as 
well as growth responses of maize to water stress (O'Regan et al. 
1993; Sobrado 1990). 
Plant growth regulators, both natural and synthetic are widely 
applied to agricultural crops as a means of crop improvement. 
There is evidence that plant growth regulators increase stress 
resistance in higher plants. For example, paclobutrazol, cycocel 
and triadimefon increased cold and drought resistance in rice, 
peanut, wheat and oilseed rape (Fletcher & Nath 1984; Lenton el 
al. 1987; Li & Pan 199; Rademacher 1993). Brassinolide (BR) 
and paclobutrazol increased cold-resistance and salt-tolerance in 
tomato, bean and rape (Hamada 1985; Latimer 1992). Brassino-
lide is a plant growth-promoting steroid and has frequently been 
applied to plants (Grove el al. 1979; Mandava 1988) and was 
reported to help overcoming environmental stress when applied 
to a number oreraps (Yokota & Takahashi 1986). 
The fungicide uniconazol (UNI) is a triazole with a nitro-
gen-containing heterocycle (Rademacher et al. 1987; Radema-
cher 1989). In comparison with other triazole compounds, such 
as pac1obutrazol and triadimefon, uniconazol degrades more rap-
idly 'in the soil. It is also more effective at lower concentrations 
(Izumi el al. 1988; Parthier el ai, 1992). Methyl jasmonate (MJ) 
is implicated in the control of a wide range of essential physio~ 
logical processes including stomatal closure aed plant adaptation 
to stress (Satler & Thimann 1981; Horton 1991). Its effects are 
similar to those produced by abscisic acid (Curtis 1984; Sembd~ 
ner & Parthier 1993; Dathe el al. 1994 ). 
This study was undertaken to compare the physiological 
effects of UN!, BR and MJ with regard to drought resistance in 
two maize cultivars, in order to determine whether pre~treatment 
of seeds with such compounds would be a way to reduce 
draught-related crap loss. 
Materials and Methods 
Two maize cultivars PAN 6043, a drought-resistant cultivar, and SC 
70 I, a drought-sensitive cultivar \vere used in this study. Seeds of the 
t,vo cuitivars wcre subjected to various treatments: (i) a water con-
trol; (ii) UNI trcatmcl11S (0.5- 25 mg 1. 1): (i ii) BR treatments (I-50 
mg I- I), and (iv) MJ treatmcnts ( 10-1 00 mg l-l). For all treatments 
the seeds were soaked for 17 hours in the dark. 
The seeds of both, cultivars were germinated in pots containing 
vermiculite. Ten seed lings per pot were then grown in a growth 
chamber: day temperature 30°C; night temperature 20°C. The seed-
lings were grown at 14 h light (800 ).unol m-2s-l ) / 10 h dark cycle. 
The relative humidity was 60%. Seedlings 'vere watered with Hoag-
land 's nutrient solution each day. Seven-day-old seedlings were 
treated by soaking the roots for 48 h in a polyethylene glycol 6000 
(-1.0 MPa) solution. 
Seedling height and relative water content (RWC) ,vere deter-
mined aner two days of water stress. Seedlings were used to mca-
sure the re lative water content of the leaves. The leaves wcrc cut 
from the plant, thei r fresh weight measured, and then tloated on dis-
ti l! ed \vater in a covered petri dish fo r 2 hours. atter which the turgid 
weight \vas recorded. The leaves were then dried in an oVen at 80°C 
and re~weighed. The relative ,vater content was calculated by the 
formula (fresh \veight - dry weight) I (turgid \veigh! - dry weight) x 
100. 
The relative conductivity \vas determincd for the first and second 
leaves, from which were cut 20 leaf discs (4 mOl). The discs were 
rinsed with distilled water and placed in a beaker containing 30 ml of 
distilled water for 3 h at room temperature, The conductivity of 
water in the beaker was detcrmined using a COM 80 conductivity 
meter. The beakers were placed in a boil ing water bath for 5 min. 
cooled to room temperature .and conductivity of the \vater was again 
measured_ Percent conductivity of the water was calculated as the 
ratio of conductivity atter 3 h to that after boi ling. 
Transpiration rate and diffusive resistance were measured using a 
Li-Cor LJ- J600 steady-state porometer. Measurements were done 
before and during the drought stress at the same time each day. at 10 
am, on the two upper lcaves of the seedlings. 
The results presented are the means of four independent experi-
ments. All data were su~iected to analysis of variance. 
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Results 
Seedli ng he ight of the drought-resistant cultivar (PAN 6043) 
decreased with increasing concentrations of UNI and MJ over 
the concentration range tested, whereas treatment with all three 
regulators decreased height in the sensitive cultivar (Table 1). 
The RWC in leaves of the resistant cul tivar increased with 
treatments 0[0.5 to 15 mg ,-I UN I; 5 mg 1-1 being the most effec-
tive. BR treatment increased the R we of the resistant cultivar 
while in the MJ treatment 25 and 50 mg 1-1 MJ gave the best 
resu lts (Table 1). In the drought sensitive cultivar RWC was 
decreased by the concentrations of growth regulators used (Table 
I ). 
The val ues of the relat ive conductivity in leaves of the two 
cultivars increased during the stress period. UNI (5 mg 1.1) and 
MJ (25 mg I_I ) decreased the relative conductivity of leaves of 
the resistan t cultivar after 48 h stress (Table 2). Seedlings of the 
resistan t cultivar treated with BR had a lower relative conductiv-
ity compared with control seedlings both before water st ress was 
applied and after 48 h water stress. BR also decreased the rela-
tive conductivity of the sens:tive seedlings afte r 48 h water stress 
(Table 2). 
The transpiration rate of the two maize cultivars decreased 
rap idly during water stress (Table 3). BR and MJ decreased the 
transp iration rate of the res istant seedli ngs below that of control 
seedlings. The transpiration rate of the sensitive seedlings treated 
with BR at higher concentrations during the water stress period 
was lower than that of control seedlings. Before water stress was 
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applied MJ treatment caused an increase in the transpiration rate 
in the sensitive seedlings , but under water stress MJ treated seed-
lings had a lower transpiration rate compared to control seedlings 
(Table 3). 
The diffusive resistance of the seedlings of the two cultivars 
during water stress increased with increasing times of drought 
(Table 4). Compared with control seedlings, the seedlings of the 
resistant cultivar treated with BR and MJ had a higher diffusive 
resistance both before and during water stress. UNI treatment 
decreased the diffusive res istance of the resistant cultivar before 
water stress was applied, but did not have any effect after 48 h 
water stress (Table 4). MJ treatment decreased the diffusive 
resistance of seedlings of the sensitive cultivar before water 
stress was applied , but increased this resistance when seedlings 
were subjected to water stress. The diffusive resistance of the 
sensitive cultivar was decreased by UN I-treatment before stress 
treatment started, but as in the resistant cultivar, UN I treatment 
did not influence the diffusive resi stance o f the seedli ngs under 
water stress. 
Discussion 
It is well established that the R we reflects the water status in 
plants and is related to the growth and drought resistance of the 
plant (Hsiao 1973). The two cultivars differed ill their response 
to regulator treatment with regard to R we and thereby to 
drought resistance (Table I). The regulators improved the RWC 
in the resistant cultivar and thus postponed the onset of tissue 
Tab)e 1 Effects of plant growth regulators on seedling height and relative 
water content (%) of the drought-resistant cultivar (PAN 6043) and the drought-
sensitive cultivar (SC 701) of maize subjected to a PEG 6000 (-1 .0 MPa) solution 
for 2 days. Results are given as mean ± standard error (n = 6) 
Gro\\.1h Regu lator Seed ling He ight (m m) Relative Water Conten t (%) 
(mg 1- ' ) Resistant Cultivar Sensitive Cultivar Resistant Cultivar Sensitive Cultivar 
UNI 0 I07.7± 4.16 c 103.1 ± 1.58 d 74.2 ± 1.33. 72.8 ± 1.1 3 b 
05 107.2 ± 2.20 c 99.3 ± 5.06 d 78.9 ± 0.91 c 71.9 ± 2.34 b 
5 104 .0 ±6.52c 84.9 ± 3.59 c 80.3± 0.42 d 71.7± 0.6 1 b 
15 83.9 ± 3.62 b 79.3 ± 2.06 b 75.8 ± 0.49 b 68.5 ± 0.R3 a 
25 77.2 ± 4.23 a 71.9±3. 13a 73.3 ± 0.88. 71.1 ± 1.92 b 
LS.D 5.63 4.32 1.06 2.42 
BR 0 107.9± 3.94 a 103.8 ± 1.1 4 b 74.9± 1.1 5. 73.2 ± I 13 b 
106.6 ± 2.26 a 93.0 ± 3.43 a 78.7 ± 0.87 c 70.9 ± 1.89 ab 
12.5 107.2 ± 2.24. 93.5 ± 4.80 a 78.9 ± 1.1 3 e 69.9 ± 3.21 a 
25 105.0 ± 1.08 . 94 .2 ± 4.95 a 77.4 ± 0.65 b 68.2 ± 1.71 a 
50 104.3 ± 43 7 a 94.3 ± 2.52 a 77.2 ± 0.8 1 b 705 ± 2.32 .b 
LSD 3.95 4.77 0.73 2.82 
MJ 0 107.0 ± 2.51 c 1025 ± 1.44 d 74.2 ± 0.99 ab 73.0 ± 1.21 c 
10 109. 1 ± 1.8 1 d 86.2 ± 3.06 c 75. 1 ± 0.36 b 68. ± 1.84 • 
25 107.0± 3A6 e 855 ± 2.22 c 79.7±1.4Id 70.2 ± 1.81 .b 
50 102.0 ± 3.03 b 85.2± 2.01 c 77.5 ± 0.76 c 72.0 ± 1.27 be 
75 88.2 ± 2.9 1 a 70.7 ± 2.35 b 75.6 ± 0.97 b 69.3 ± 2.46. 
100 75.0 ± 1.32 a 59.3 ± 053 a 73.1 ±0.53. 69. 1 ± 1.40. 
LSD 3.52 2.94 1.85 2.22 
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Table 2 Effects of plant growth regulators on relative conductivity (%) of the drought-resistant culLlvar (PAN 6043) and the drought-sen-
sitive culLivar (SC 701) of maize subjected to a PEG 6000 (-1 0 MPs) solutIOn lor 2 days Results are given as mean;!; standard error (n = 
4) 
Growth R~gul:1lor RI!Sl sl~n t Culll\ar 
Oh 1-l h -I Sh 010 2·lh 
UNI o .H.2;t 0.S5 d 69.3..:. 1 74b :\2.8,166;1 553.t11.1a D.8,2.5.1:I 
0.5 2R.1± 1.68bc ·.11.3 ..:. 1-1-1.1 68.7-:-0R5h 31 4-,:3933 
292.l062c -It}.7 ::- 2 33 il 7:! Oi.J2-1aa 
15 26.9::: 0.76 b 567 ± 08Ibc 70.9..:.147 \.l 329 ... 0:->8<1 69 1 .1. (J .12 d XIO .l.'U2b 
25 22.5.1 1..16 a 60.1 :t J1 4c 7],1::.~S7b 3\.7..:.2 06.1 7i2~ICJlah 
L.S D 1 96 360 3.58 166 5.n 
"R o J .j. Roi: 1.28c S .. U :!: 3.0-1 b 68.2 ± 1.10 c :n.7-,,!17 c 7"!o7±lnc 
28.1 ± 1.85:1 ·u 2.1: 0.8511 51.S i 5.56 ab 29.5 T 0.57 b 70.5.1.07501 
12.5 2R 7 .1 1 0 I ,1 -IS ) tOl l ab 53 .9:1;1.0001 2'J2.1.1!5b 6~·[ + 112a 
~ I 6::: 2.05 b 50 .0l.962 b 15 7 ~ !(,()a ~ 17 c551a 695 .1.1.05b 
50 27.6.1070:1 53,2 r 1 .,1 b 60-l -~2 .' ·lb 28u=2 011ab 57 I) t I 112 ;1 6901 :t255b 
SD 155 i 9~ J.().[ C.71 
MJ o J .j .1.12 56a j·t9 ~ 1.50.1 olt') .. I .~1 b 13.1 -" ! :iObc 701",, [7711 
10 34.7:1: 1.35a 59 1 :1.:U6 3 70.11.196 be 3J.5 ::: [Ur! c )5.1~251J;1 661.1.226;1 
25 .1 1.701. \ JS;, 57J ... U.S] a 6-10 ± 1.99 a 3 I J.c Il,6ah 60,1 :: 1.93 b 729+·11.Jb 
50 3L'J ± 2.16a 57 .1 .!. -\,-18 a n. ] ... 2.22 c .;08", 101:1 %H l1 91:l.b 75C) ",0.~9b 
31 (, 1- 2.H a 58.6 :t 1.8·1 a 701 'l-1..JObc .l, 1 .' '- 1 J.1 ab 61.2 ,,'22h 762 ..,. I 96 b 
I .S [) 3.6J 4}0 3.60 1.1.:1 .j'J-I H1I 
Table 3 Effects o f plant growth regulators on tra nspiration rate ([.lg s-'cm-2) of the drought-reSistant cuftlvar (PAN 6043) and the drought·sen· 


















Resistan t CUitiVil1 
Oh 2-Ih 
1\-I±1.l1a SJ .t I .39ab 
1331-1.89b 157=2.0'lc 
120 ± .1 -1') <I It! .cO.99ab 
17..1.l.631ah 10 ]+ 2l0b 
17.11" 2.90 all 65:::257 a 
766 
109.11001> X-I.cI-l2c 
10.7 -:- OX! h 1 5 t 065a 
R.1± 12-1 ab [ 1 ..!. 0 10 a 
9 . .1:::0JOb U±O.20 a 
10.2 ± 0.98 b 1.5 :I: 0.1') a 
l.57 1 23 
11 .-1 I I 12 a S.6.1.I22c 
11.0 01. -I -11:1 
9.8:1"1.5:1 65 .tJ. 12hc 
9. 1 ± 1.91 a 16:t 0.1·1 a 
9.1±J.35a -1 .1 .!. \ .1R ail 
4 50 J.t5 
SCll~l!i\'c ("ulti\;\l 
010 2.1 h ·Hih 
.1 .7::. 0 71 a 15..1+ 1 12a II .:! .t 1 2, :l 3 () t I 50" 
7.21. ,j .60ab 16 .'~1 .82:1 ., 01 ,· 2 ':>5 a 
.:12 f 1.67 a 2651-.113[1 1<) 7 .:. 5 ('-l h 113 q! I N I! 
100 ± JJ2 b .j .) ..!. 1 5R il 
60 :!:098ab 15 7 .;. 2 ICJ a \.\ .' ,. () ')J il 
-139 5.41 , 56 
.j A ±o URI b 1 ~ 7 t 1 [01 h II I I I 1-1 c .,9 ::- I JJ b 
1 t ± 0.13 a 6 'J:t 1 ,6 :I 2 7 0 () 6');, , , ... I ;7 air 
0.5.1:001 a J'\1-101al1 
10:l:0.\3 a 6510S.J a .l7 .. 0X~h IR~076a 
O.9 t () ,15a 5.1±O.M~<I 1 9.1 0 06 a 16 :1: 0 29<1 
066 1 5.J 1 21) 181 
.:1.(,.:. 0.63 c 112 ,1.12hc J9.t 1 32h 
2.1::+03 11> 23.1:: I 12 I> -1 7. (JAO b 
1 6±0.7 Ia 216.1215b 7 ') 0 1 17 ,II! -l.1.t067b 
16 :::035 a lR:1.:.175c 76 ..!. :1 3(';1 1 .J :. 0 -1.1 h 
IR.i.OSOab 15Al2t?a 5·\ -i- 1 ?R ;1 1X ~03 R a 
1.0.1 ~ ! 5 
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Table 4 Effects of plant growth regulators on diffusive resistance (s cm·') of the drought-resistant cultivar 
(PAN 6043) and the drought-sensitive cultivar (SC 701) of maize subjected to a PEG 6000 (-1 .0 MPa) solution 
for 2 days. Results are given as mean ± standard error (n = 5) 
(irmvth Regulator Rcsist,ml Cultivar Sensitive <.:ulti\'ar 
( lIlg /"1) Uh 2-th ~~h Oh 2411 .. Uolh 
lINI 0 21.9 ± 1.76c 64,6 ± 1 .61 a 135.2 ± 20.9 a J6 .3±3.12b (,1 1 ±237a 124.4 ± 17.1 a 
0.5 19.5 ± 1.00 h (, ... L7 ± 2.3 1 a 132.3 ::: 30.9 a 11.3±(U I a 6 .. 1.7 ± 2.3 1 ah 123.2 ± 9.35 a 
5 12 .3 ± 1.08 a 71.8 ± (Un c 139.6 ± 1.75 a 10.7 = 1.85 a ML7 ± 5.9..j. h 117.3 ± 3.4 3 a 
15 11.7 ± 0.62 a 65.2 ± 0.54 <I 130. 1 ± 12.9:1 10.9 ± 0.1}7 it 70. 1 ± 2.7X 0 11 6 .7 ± 6. lOa 
25 11.9 ± O.}8a 68.8 ± 0.36 b 126.8 ± 3.38 a 12.7± 0.77 a 68.9 ::: 5.62 b 1]5.4 ± 2.94 a 
L.S.D l.lJ2 2.90 30.75 2.53 6.10 IH2 
BR 0 21.6 ± 1.51 a 64.2 ± 2.38 a 136.5 ± 2 1.9a 16.5 ± 3 .63 a 62 .7 ± 2.42 a 115.4 ± 17.5 a 
40...1 ± 7.35 b 96.1 ± 9.70h 223.2 ± 22.4 c 26.1 ± 11.3 ab 69.4 ± 12.6 il 125.0 ± \3.7 a 
12.5 65. 1 ± 8,03 c 102.5 ± 7M 0 200.3 ± 16.9 be 24.6± 11.0 a 76.5 ± 23A a 135.2 ± 1&.5 a 
25 53.5 ± 10.7 c R9.2 ± 12.6b 170.9 ± 10.2 b 28.9 ± 5.03 ab 6!.6±7.45a 129.2 ± 15.5 a 
50 65 .0 ± 16.4 c 138. 1 ± 16.2(; 218.0± 22.7 c 39.9 ± 14.0 b 63.2 ± 5.62 a 127. 1 ± 30.0 a 
L.S.D 12.49 IS .OS 32.% 14.35 18.62 29.34 
MT () 21.7 ± 1.46 a 64.5 ± 2. 1& a 13-1 .5 ± 20.6 a 16.4 ± 2.99 b 62.0 ± 2.06 a 123 .2 ± 18.4 a 
III 39.lJ±9.16h 99.3 ± 12Ah 183.5 ± 23.3 b 15.7± I.I Ob 60.5 ± 3.64 a 157.5 ± 25.3 h 
25 37.1 ± 10.1 b ~6.2 ± 11 .5 b 169.7 ± 22.7 ab IO.7±0.91 a 66.3 ± 19.2 a 158.7 ± 2.48 be 
50 35.R ± 7.45 b 8 1.5 ± 14.7ab 165.3 ± 17.6 ab 12.0 ± 3.02 ab 6HA ± 9.95 a 193.3 ± IO .7 d 
75 31.7 ± 6.36ao 96.7 ± 15.90 201.7 ± 25.8 0 14.1 ±5.28ao 75 .9 ± 2.78 a 180.2 ± 18.7 e" 
LS )) 12.63 20.7 1 37.95 4.57 ' ... . 6-1 22.68 
desiccation, whereas regu lator treatment was detrimental to the 
sens itive cul tivar. 
Three parameters. namely relative conductivity. transp iration 
rate and diffusive res istance, were measured dur ing water stress 
in the regu lator treated seedl ings in an attempt to elucidate 
whether any of these parameters played a role in the altered 
response to water stress. 
Relative conductivity is an indication of membrane integrity 
and thus for the extent of cell damage. It appears that treatment 
wilh regulators was able to decrease the relative conductivity of 
the seedlings (Table 2 ). Again, there was a difference in the 
response of the two cultivars in that a ll three regulators wefe 
effective on the resistant cultivar, whereas only BR lowered the 
relat ive conductivity of the sensitive cult ivar. 
The transpiration rates of both cultivars were affected in a sim-
ilar way in both cultivars. Treatment with UN! led to an increase 
in transpiration rate, whereas BR and MJ treatment decreased the 
transpiration rate (Table 3). In wheat the MJ-induced dec rease in 
transpiration rate correlated with MJ-induced stomatal closure in 
adaptation to water stress (Horton et 01. 1991). MJ treatment in 
both cultivars, and BR treatment in the resistant cultivar, 
increased the difTusive resistance (Tab le 4). 
The favourable changes in relative conductivity (higher mem-
brane integrity), transpi ration rate and diffusive res istance in 
seedlings treated with regulators can explai n the increased to ler-
ance to water stress in the resistant cultivar. As the regulators 
affected these parameters in a similar way in the sensitive culti -
var, it would have been expected that this cuit ivar would also 
have shown a higher tolerance to water st ress , but the cultivar 
had a lower R we after treatment with regulators when placed 
under water stress cond itions. This indicates that the regulators 
might have other effects ofa detrimenta l nature on the seedl ings 
of the sens itive cultivar. 
As different cu lt ivars of maize might respond in different 
ways to pre-treatment of seeds with regu lators testing ofindivid-
ua l cult ivars might be requi red. In conclus ion, the results indicate 
that a pre-treatment of maize seeds with SR, MJ or UNI can 
increase the tolerance of seedlings to water stress. 
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